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Introduction
The study of fluid flow problems related with heat and mass transfer is of widespread int erest in almost all the fields of engineering as well as in astrophysics, biology, biomedicine, meteorology, physical chemistry, plasma physics, geophysics, oceanography and scores of other disciplines. Heat and mass transfer in porous media has attracted considerable attention due to the wide range of thermal engineering applications as geothermal systems, oil extraction, ground water pollution, thermal insulation and solid matrix heat exchangers etc. Improvement of heat transfer in thermal devices such as heat exchangers and electronic devices has become an important factor in various industries. For this purpose, various techniques have been proposed as the use of fins, baffles, blocks and porous media. Heat and mass transfer on unsteady flow in a horizon tal porous channel filled with porous material has gained interest owing to its application in the field of gas turbines, the various propulsion devices for aircraft, missiles, satellites and space vehicles.
In respect of above, fluid flow and convective heat and mass transfer in channels partially filled by porous medium have been discussed by several investigators analytically, experimentally and numerically. Kuznetsov(2001) studied analytically the effect of thermal dispersion on fully developed forced convection flow in a parallel-plate channel partly filled with a saturated porous medium. In the geometry, peripheral parts of the channel were occupied by a fluid-saturated porous medium of uniform porosity. Nield et al.(2004) discussed the effects of viscous dissipation and flow work on forced convection in a channel filled by saturated porous medium. In continuation of that Umavathi et al.(2005) considered a two -dimensional unsteady flow of two immiscible fluids through a horizontal parallel permeable plates, and they concluded that the flow and heat transfer aspects in a horizontal channel with permeable walls can be controlled by considering different fluids having different viscosities, conductivities and also by varying the amplitude of the transpira tion velocity at the boundary. Bakkas et al.(2008) illustrated natural convection flow in horizontal channel provided with rectangular blocks releasing uniform heat flux and mounted on its lower wall. Umavathi et al.(2009) studied the unsteady oscillatory flow and heat transfer in a horizontal composite porous medium channel. Kuznetsov et al.(2010) studied the forced convection in a channel partly occupied by bidisperse porous medium. Chen et al.(2011) found exact analytical solution to a fully developed fo rced convection heat transfer in a parallel plate channel. They concluded that effect of viscous dissipation is significant on heat transfer inside channels. Sharma et al.(2011) studied the influence of radiation on unsteady MHD free convective flow and ma ss transfer through viscous fluid past a heated vertical plate immersed in porous medium.
Problem involving multiphase flow, heat transfer and multi-component mass transfer arise in a number of scientific and engineering disciplines and are important in the petroleum extraction and transport. Therefore several authors have been done some theoretical and experimental work on fluid flow through porous or nonporous parallel plates. Kumar et al.(2012) studied the unsteady MHD free convection flow through poro us medium sandwiched between viscous fluids in a horizontal channel with isothermal walls temperature, has been investigated using Brinkman model. They concluded that the fluid velocity props up with an increase of the ratio of Grashof number to the Reynolds number, thermal conductivity ratio, whereas the fluid temperature increases with the increase of the thermal conductivity ratio. Ghachem et al.(2012) presented numerical simulation of three-dimensional double diffusive natural convection flow and irreversibility studies in a solar distiller. Matin et al.(2013) analyzed the effects of chemical reaction in the flow through porous channel with a first order chemical reaction on the wall. They studied the fully developed forced convection flow and mass trans fer in a horizontal porous channel filled by nano fluid. Hussein et al.(2013) discussed free convection in a square enclosure filled with a saturated porous matrix under different discrete heat source locations. Ahmed et al.(2014) studied effects if thermal radiation viscous dissipation on MHD free convection in a square enclosure filled with a porous medium. Adegun et al.(2014) found three -dimensional finite element 103 investigation of incompressible fluid flow and contaminant transport through a porous landfill. Raju et al.(2014) analytically studied MHD convective flow through porous medium in a horizontal channel with insulated and impermeable bottom wall in the presence of viscous dissipation and joule heating. In which the governing equations are solved in the closed form and mean velocity, mean temperature, mean mixed temperature is also considered in this study. Then Choudhary et al.(2015) presented transient MHD visco -elastic flow past an impulsively started infinite porous plate in the presence of hall current. Maatki et al.(2016) discussed effects of inclination of intensity magnetic field in three -dimensional double diffusive free convection flow. Recently, Sharma et al.(2017) studied theoretical study of heat and mass transfer in the presence of ch emically reacting radiating MHD flow through horizontal channel, in which they concluded that for high depth porous medium channel the fluid mean temperature and species mean concentration both rise high. Fluid flow can be made fast in this geometrical fluid flow by increasing the depth of the porous medium. Reddy Et al.(2017) investigated dual solutions for heat and mass transfer in chemically reacting radiative non -newtonian fluid.
Inspired by the above citied research work the aim of the present paper is to investigate the effects mass transfer in forced convective viscous flow through porous medium. Above referenced work and the numerous possible industrial applications of the problem, an attempt has been made to study the heat and mass transfer in unst eady oscillatory flow through horizontal channel partially occupied by porous medium one of them is filed with porous material and other one is clear fluid. The flow is modeled using the Darcy -Brinkman equation. The viscous and darcian terms are also included in the energy equation.
Mathematical Formulation
Consider unsteady fully developed, laminar flow of an incompressible viscous fluid through an infinitely -long composite channel, consisting of two parallel permeable plates with half of the distance b etween them filled by a fluid-saturated porous layer and the other half by a clear viscous fluid.
A schematic diagram of the problem is shown in figure-1. The x-axis is taken parallel to the axis of the channel while the y-axis is taken normal to it. Where 2h is the height of the channel Two horizontal parallel plates are set in the plane yh  (Region-I) and yh  (Region-II) and kept at constant Since the plates of the channel are assumed to be infinite. Therefore the entire dependent physical variable except pressure will only depend on y and t. The thermo -physical properties of the fluid and effective properties of the porous medium are supposed to be constant. Fluid and porous matrix are supposed to be in local thermal equilibrium in region-II. Further the flow in both regions of channel is expected to be driven by a common pressure gradient Under these assumptions, there are two sets of governing equations corresponding to the porous region and clear fluid region as follows:
The boundary conditions and interface condition on velocity are the no -slip boundary conditions because the fluid particles at the boundary and interface come at rest, which require that the x-components of velocity to be vanished at the wall. The boundary conditions on temperature are followed by the isothermal conditions. Then hydrodynamic boundary and interface conditions for velocity of two fluids can be written as 
Method of Solution
Introducing the following non-dimensional quantities:
Where i =1, 2 give the values for region I and II respectively.
Us ing (12) and (13) the governing equations from (1) to (8) are reduced in non -dimensional form as follows:
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The corresponding boundary conditions are reduced as 12 (1) 0, 
where i =1, 2 gives equations for region I and II respectively. This is a valid postulation becaus e we have assumed that the amplitude
A  
By substituting (23) to (25) into equations (14) to (19), equating the harmonic and non-harmonic terms, and neglecting the higher order terms of 2  , we get the following sets of differential equations: 
Region-I: Clear Region Harmonic Terms
The corresponding boundary and interface conditions are 12 (1) 0, gives the boundary and interface conditions for harmonic and non -harmonic coefficients, respectively. Now, the equations (26) to (37) 
Results and Discussions
The present study is focused on the unsteady oscillatory flow and heat & mass transfer in a horizontal channel partially occupied by porous medium one of them is filled by porous material and other one is clear region. In the paper, the effects of the dimensionless parameters on the velocity, temperature and concentration distribution for both the regions are discussed by assigning numerical values to these parameters. Sepa rate solutions for each fluid region are obtained and these solutions are matched at the interface conditions using suitable matching conditions. The results are depicted graphically in figures from (2) to (14). Fig. 2 exhibits the velocity profile in the presence of different porous medium parameter. As the porous medium parameter Kp increases, the fluid velocity decreases at all the points in both the region of the channel. This is expected due to the interference in the flow created by the porous matrix in region-II. This is also interesting that the value of the velocity field reaches at high peak point in region -II comparative to region-I and then approaches to the boundary conditions and matching the interface condition of both the regions. This solutions is also similar to the results of the problem considered in Umavathi et al.(2010) . Fig. 3 shows the increase in the mass buoyancy leads to decrease the velocity of the fluid in both the regions. It is found that the fluid velocity rises from the prescribed value at y=1 on upper plate of the channel, attains a maximum value and then falls gradually to zero as boundary condition on lower plate of the channel. Fig. 4 
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shows that when diffusing species become more heavier with destructive reaction, then the fluid velocity reduces throughout the flow between the horizontal plates. It can be seen that, with an increase in viscosity ratio the fluid velocity decreases. This is due to the fact that when the fluid viscosity increases, then the fluid in both the region of the channel become thicker and hence the velocity of the fluid is reduced. Fig. 7 displays the influence of molecular diffusivity ratio in velocity field. An increase in the molecular diffusivity ratio, decreases the fluid velocity in both the regions. But this effect is more prominent in region-II of porous matrix.
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Fig . 8 represents the variation of temperature field with porous medium parameter Kp. In the presence of constant viscosity parameter, as the porous medium parameter Kp increases, temperature decreases in both the regions of the channel. This is the same effect as in velocity field. This is depicted from Fig. 9 that due to the increase in Eckert number the fluid temperature decreases at all the points of both regions of the channel. This result is also expected as the effect of viscous and porous medium dissipation increases with the increase of Eckert number. Therefore the magnitude of promotion in fluid temperature is large in region-II. Fig. 10 displays the influence of viscosity ratio on the temperature profiles. An increase in the viscosity ratio, decreases the fluid temperature in both the regions due to the increase of thickness of the fluid in both the regions. Fig. 11 shows the effect of the thermal conductivity ratio  on the temperature field. It is noticed that an increment in the thermal conductivity ratio  reduces the value of the temperature field at all the points of both the regions. Because increase in the thermal conductivity ratio  have the tendency to cool down the thermal state in the channel.
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The effect of Prandtl number Pr on the temperature field is showed from Fig. 12 In Fig. 14, the effect of the diffusivity ratio D on the fluid concentration is presented. It is observed that increments in the diffusivity ratio props up the magnitude of the fluid concentration.
Skin-friction, Nusselt number and Sherwood number provides flow characteristic at the boundary surface which is significant for thermal and solutal stability of flow. Table 1 shows the coefficient of skin-friction at upper plate increases with an increase of frequency parameter and diffusivity ratio; while decreases with the increases 112 of Schmidt number, mass buoyancy, viscosity ratio and porous medium parameter. The coefficient of skinfriction at lower plate increases with an increase of frequency parameter; while decreases with an increases of Schmidt number, mass buoyancy, porosity parameter and diffusivity ratio. This is noticeable that the effect of pressure gradient is quite negligible on skin-friction coefficient at both the plates. This is observed from the Table 2 that Nusselt number at the upper plate props up with the increase of frequency parameter while its decrease with all others parameters. Nusselt number at lower plate rises with the increases of Prandtl number, Eckert number, Schmidt number, thermal conductivity, mass buoyancy, viscosity ratio, Hartman number and porosity parameter; while decreases with pressure gradient, frequency parameter and molecular diffusivity. Table 3 shows that the Sherwood number at upper plate rises with an increases of Schmdit number and diffusivity ratio while adverse behaviour is observed at the case of lower plate. 
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Conclusions
In the present paper we considered the unsteady oscillatory flow of viscous incompressible fluid with heat and mass transfer in a horizontal channel partially filled with porous medium. It is concluded that:
I. Presence of porous medium offers a resistance to velocity and temperature d istribution. Therefore velocity and temperature field can be controlled by the density of porous matrix. II.
Velocity profile decreases as the porous medium parameter Kp increases, due to the interference in the flow created by the porous matrix in region-II. III.
The fluid temperature amplifies with the ascendency of inertial forces over viscous forces. Due to that fluid temperature is more for water in compression of air. IV.
Prandtl number boosts up the fluid temperature due to the upsurge of the thickness of thermal boundary layer. V.
Fluid concentration props up for the heavier diffusive species and high molecular diffusivity ratio because destructive chemical retards the thickness of solutal boundary layer. 
